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Original Article 
Ethanol extract of Portulaca Oleracea L. reduced the 
carbon tetrachloride induced liver injury in mice  
involving enhancement of NF-κB activity
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Abstract: Acute hepatic injury causes high morbidity and mortality world-wide. Management of severe acute hepatic 
failure continues to be one of the most challenging problems in clinical medicine. In present study, carbon tetrachlo-
ride (CCl4) was used to induce acute liver damage in mice and the protective effects of ethanol extract of Portulaca 
Oleracea L. (PO) were examined. The aminotransferase activities were biochemical estimated and the liver damage 
was tested by morphological histological analysis and terminal deoxynucleotidyl transferase-mediated dUTP nick 
end labeling (TUNEL) assay. The role of PO on the activity of NF-κB was determined by luciferase reporter gene assay 
and immunohistochemistry. The level of p-p65 was tested by western blot. Our results showed that PO administra-
tion on mice would decrease the serum aminotransferase level and reduced the liver histological damage. We also 
found that nuclear translocation of p65 was enhanced in liver tissues of mice treated with PO compared with control 
animals. In addition, in cultured hepatic cells, PO increased the NF-κB luciferase reporter gene activity and upregu-
lated the level of phosphorylation of p65, but had no effects on mice liver SOD activity and MDA level. Collectively, 
PO attenuated CCl4 induced mice liver damage by enhancement of NF-κB activity.
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Introduction 

Because of the important role in detoxification, 
the liver is one of the most easily damaged 
organs [1]. Liver injury can be caused by isch-
emia, viral infection, autoimmune disorders, 
and several xenobiotics, including drugs, alco-
hol, or toxins. Management of severe liver injury 
continues to be one of the most challenging 
problems in clinical medicine [2].

Carbon tetrachloride (CCl4) has been widely 
used to induce chronic and acute liver damage 
in various animal models for decades [3]. 
Studies have demonstrated that reactive oxy-
gen species (ROS) are heavily involved in the 
cause and progression of hepatic damage by 
CCl4. It is generally believed that CCl4 toxicity 
results from the bioactivation of the CCl4 mole-

cule to the trichloromethyl free radical by cyto-
chrome P450 2E1 of the endoplasmic reticu-
lum [4]. Once the trichloromethyl radical is 
formed, it reacts with molecular oxygen to form 
the highly toxic trichloromethyl peroxy radical 
[5-7]. The free radicals then attack on polyun-
saturated fatty acids of membrane lipids to 
propagate a chain reaction, leading to lipid per-
oxidation. These chains of events result in the 
breakdown of membrane structure, disrupting 
cell energy processes and protein synthesis 
and finally induced hepatic injury or necrosis 
[8-10]. Anti-oxidative therapy is therefore an 
effective means of preventing and attenuating 
oxidative stress related liver diseases.

In addition to the direct induction of hepatocyte 
damage by CCl4, its hepatotoxicity can also be 
mediated by the indirect activation of Kupffer 
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cells/macrophages and neutrophils [11]. Acti- 
vation of Kupffer cells with production of reac-
tive oxygen species, up-regulation of proinflam-
matory cytokines, and neutrophil accumulation 
have been identified as contributing events to 
the inflammation-associated damage. Paren- 
chymal and non-parenchymal cells, especially 
activated Kupffer cells, mediate the hepatic 
inflammation process by producing tumor 
necrosis factor-α (TNF-α) and other cytotoxic 
cytokines [12]. A previous study showed that 
the production of these inflammatory factors is 
associated with the nuclear factor-κB (NF-κB) 
pathway in liver after CCl4 treatment [13].

The Portulaca Oleracea L. (Portulacaceae) is a 
warm-climate annual and has a cosmopolitan 
distribution. It is an edible plant and is used as 
a vegetable in some place of the world includ-
ing United Arab Emirates, Oman and some 
provinces of China. Portulacaceae is known as 
“vegetable for long life” in Chinese folklore and 
is widely used as a traditional Chinese herbal 
medicine [14, 15]. A wide range of other phar-
macological effects of Portulacaceae, such as 
antibacterial, analgesic, anti-inflammatory and 
wound-healing activities have been reported 
[15, 16]. In our previous work, we demonstrat-
ed the anti-oxidative effects of the ethanol 
extract of Portulacaceae (PO) [17, 18]. Based 
on all these information, we hypothesized that 
the PO may have the protective effects on 
acute liver injury induced by CCl4.

In present study, we studied the effects of the 
PO on mice liver administrated with CCl4. Our 
results showed that the PO protected the mice 
liver from damage induced by CCl4 may partially 
through regulating the activity of NF-κB.

Materials and methods

Preparation of the PO

The air dried aerial parts of Portulacaceae were 
purchased from the market in Yucheng, Henan 
province, China. The plant was identified and 
authenticated as Portulaca oleracea L. (Po- 
rtulacaceae) by professor Han-chen Zheng 
(Department of Pharmacology, Second Military 
Medical University). A voucher specimen has 
been deposited in Department of Traditional 
Chinese Medicine (TCM), Second Military 
Medical University (20090829). The plant (40 
kg) were ground and extracted with 8 times 

80% ethanol for 2 times (1 h/time). The solvent 
was evaporated under vacuum to get rid of eth-
anol. The remained liquid were modified with 
10% NaOH to the PH 6.5~7, then centrifuged 
(5000 rpm) to get the precipitation and oven 
dried to get the end extract (241.3 g) which 
appears black powder，lightly odorless taste. 
With GC-MS method, the chemical constituents 
of the end extract were investigated. Chro- 
matographic conditions showed as followed. 
The column temperature started with 60°C for 
two minutes, rose to 300°C at the rate of 20°C/
min and sustained for five minutes. The injec-
tion temperature was 250°C; carrier gas He 
flow rate was 1.0 ml/min; E1 was 70eV; detec-
tion temperature was 200°C. The results 
showed that 51 chromatographic peaks were 
separated and 44 chemical constituents were 
identified including palmitic acid 17.06%, ethyl 
linoleate 16.04%, palmitic acid, ethyl ester 
14.47%, linolenic acid 12.72%, and linoleic acid 
7.66% whose content was determined with the 
peak area normalization method. The other 
part includes alkaloids, tannins and flavono- 
ids.

Animal and diet

Male C57 mice (8-10 weeks old) were pur-
chased from the Shanghai-BK Ltd. Co. After 
adaptation for three days, the mice were divid-
ed into PBS/CCl4 group, PBS/oil group, PO/CCl4 
group and PO/oil group. The PO administrated 
mice were subdivided into 100 mg/kg, 200 
mg/kg and 300 mg/kg group. Each experimen-
tal group consisted of 10 mice. They were 
housed at 24 ± 1°C under a 12-h light/12-h 
dark cycle and had free access to standard pel-
let diet and tap water. PO administrated mice 
were orally administrated with 100 mg/kg, 200 
mg/kg and 300 mg/kg of PO in 0.5 ml PBS and 
PBS administrated mice were orally adminis-
trated with 0.5 ml PBS each day for one week. 
The animals were deprived of food for 24 h 
before the experiment, with free access to 
drinking water, and received 30% CCl4 in Oil 
(v/v, 1 μl/g body weight). All animal treatments 
were strictly in accordance with international 
ethical guidelines and the National Institutes of 
Health Guide concerning the Care and Use of 
Laboratory Animals, and the experiments were 
carried out with the approval of the Committee 
of Experimental Animal Administration of the 
University.
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Experimental protocols

The in vivo anti-hepatotoxic activity of the PO 
was carried out against CCl4-induced hepato-
toxicity in C57 mice. Twenty-four hours after 
CCl4 injection, all the animals were anesthe-
tized using pentobarbitone (35 mg/kg, i.p.). The 
abdominal artery was isolated and about 0.5 
ml of blood was collected by using a 24 gauge 
hypodermic needle. The blood was allowed to 
clot for 30 minutes at room temperature and 
the serum was separated by centrifugation at 
2500 rpm for 15 minutes and used for bio-
chemical estimations.

After collection of the blood, the liver was 
removed from each mouse and washed several 
times with normal saline. Part of the liver was 
taken for biochemical examination and the 
remaining tissue was preserved in 10% v/v for-
mal saline buffer for histopathological analysis. 
The remaining liver was frozen in liquid nitrogen 
and stored at -80°C for later use.

Histology and immunohistochemistry

Formalin fixed tissue samples were embedded 
in paraffin and 5 ìm sections were cut. Replicate 
sections were stained with hematoxylin-eosin 
(H-E) staining for evaluation of necrosis. For 
immunohistochemistry, sections were deparaf-
finized through xylene and rehydrated with 
graded alcohol. Endogenous peroxidase was 
then blocked with 3% H2O2 diluted in methanol 
for 20 min at room temperature. Antigen re- 
trieval was performed by treating the slide in 
citrate buffer in a microwave for 10 min. The 
slides were blocked in 1% bovine serum albu-
min and incubated in a moist chamber with 
p65 monoclonal antibody (1:200) at 4°C over-
night, respectively. After a brief wash in PBS, 
the slides were treated with goat anti-mouse or 
(EnVision Kits, DAKO) for 30 min at 37°C. After 
a brief wash in PBS, the slide was developed in 
0.05% freshly prepared diaminobenzedine 
solution (DAB, Sigma, St. Louis, MO) for 8 min, 
and then counterstained with hematoxylin.

Immunofluorescence assay

Cultured L02 cells were washed twice with Tris-
buffered saline (TBS) (10 mM Tris pH 7.5, 150 
mM NaCl) and then fixed with 1% paraformalde-
hyde. 0.2% Triton in TBS was added for analysis 
of intracytoplasmic antigen. Controls included 

staining with isotype matched irrelevant anti-
bodies. Secondary antibodies were Cy3 or fluo-
rescein isothiocyanate linked. Olympus phase 
fluorescence microscopy system with an Oly- 
mpus digital camera (Tokyo, Japan) was used 
to capture the images.

Western blot

Freshly isolated liver tissue was homogenized 
in lysis buffer for preparation of whole protein 
extracts. NEPER® (Pierce Biotechnology, Ro- 
ckford, IL, USA) was used to extract nuclear 
proteins and cytosolic proteins according to the 
manufacturer’s instructions. Protein concentra-
tions were determined using the BCA Protein 
Assay kit (Pierce Biotechnology). The equal 
quantity of protein samples were loaded and 
then separated by sodium dodecyl sulfate/poly-
acrylamide gel (10%~15%). After electrophore-
sis, transferred to polyvinylidene difluoride 
(PVDF) membranes (Millipore, Billerica, MA, 
USA) using the Semi-Dry Trans-Blot Cell (Bio-
Rad Laboratories, Hercules, CA, USA). After 
transfer, the membranes were washed with 
0.1% Tween-20 in 1×Tris-buffered saline (TB- 
S/T) and blocked for 1 h at room temperature 
with 5% (w/v) skim milk powder in TBS/T. The 
blots were then incubated overnight at 4°C with 
primary antibodies, followed by incubation with 
an IRDye 800CW-conjugated secondary anti-
body and detection with LI-COR imaging system 
(LI-COR Biosciences). Primary antibodies aga- 
inst p65 (Cell Signaling Technology, Beverly, 
MA, USA; 1:1,000 dilution), p-p65 (Transduction 
Laboratories, San Jose, CA, USA; 1:1,000 dilu-
tion) and the signals were normalized to that of 
β-actin (Sigma, 1:2,500 dilution) .

TUNEL assays

Terminal deoxynucleotidyl transferase-mediat-
ed dUTP nickend labeling (TUNEL) assay was 
performed on 4% paraformaldehyde fixed and 
paraffin-embedded sections of liver and was 
performed using an ApopTag Peroxidase in Situ 
Apoptosis Detection kit (Chemicon Internati- 
onal, Temecula, CA) according to the manufac-
turer’s instructions.

Cells transfection and luciferase assays

L02 cells were grown in DMEM with 10% fetal 
bovine serum supplemented with 100 U/ml 
penicillin and 100 μg/ml streptomycin. Cells 
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were co-transfected with the mixture of NF-κB 
luciferase reporter plasmids, a renilla lucifer-
ase control reporter vector pRL-TK, and indicat-
ed amounts of constructs by PEI (Polyplus, 
AFAQ). After treatment, the cells were lysed and 
luciferase activity was detected using the Dual-
Luciferase Reporter Assay System (Promega) 
according to the manufacturer’s recommen- 
dations.

in serum of mice at the end of the experiment. 
Low levels of activity of both ALT and AST were 
seen in the groups without CCl4 treatment, 
whereas a marked increase in the levels of the 
two enzymes was observed in the serum of 
CCl4-treated mice. The plasma AST and ALT 
activities of the PBS/CCl4 group were signifi-
cantly higher than those of the PBS/oil group 
and those of the PBS/CCl4 group were signifi-

Figure 1. Effects of PO on mice plasma aminotransferase. Plasma ALT and 
AST activities were measured in mice 24 h after administration of oil or CCl4. 
PO-100, PO-200 and PO-400 group mice received 100 mg/kg, 200 mg/kg 
and 400 mg/kg PO in 0.5 ml PBS, respectively. PBS group mice received 
equal volume of PBS. All mice were orally administrated for seven days be-
fore CCl4 treatment. *P < 0.05 compared with PBS group; **P < 0.05 com-
pared with PBS group. Data are expressed as the mean ± S.E.M. (n = 5~6 
animals per group).

Assessment of hepatic reac-
tive oxygen species (ROS) 
content

Hepatic ROS content was 
measured using 2’-7’-dichloro-
fluorescein. l of liver homoge-
nates diluted 100-fold with 
phosphate-buffered? Briefly, 
10 saline (PH 7.4), we- 
re loaded with 5 μmol/l 2’- 
7’-dichlorofluorescein and in- 
cubated at 37°C for 30 min-
utes. Fluorescence was mea-
sured at excitation wavelength 
of 485 nm and emission wave 
length of 530 nm as previous-
ly described [19].

Statistical analyses

For each set of experiments 
where two or more than two 
groups were compared, an 
analysis of variance (ANOVA) 
test was used to determine 
the significance of the differ-
ences. Differences between 
the PBS and the PO treated 
group were compared for sig-
nificance using student’s t-test 
for non paired samples. All the 
values shown are the mean ± 
S.E.M. 

Results

Protective effects of PO on 
CCl4 administrated mice liver

Aspartate transaminase (ALT) 
and aspartate transaminase 
(AST) activity were evaluated 
to estimate the extent of 
hepatic damage. Figure 1 
showed the changes in con-
tent of both aminotransferase 
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cantly higher than those of the PO/CCl4 group, 
indicating the protective effect of the PO 
against CCl4 induced liver injury. The results 
also showed that the protective effects of PO 
against CCl4 induced liver injury were in a dose-
dependent manner. The 200 mg/kg and 300 
mg/kg PO had the significantly protective 
effects.

For further explored the role of PO, we further 
examined the liver damage by histological 
assays. As shown in Figure 2, the CCl4 treat-
ment caused severe necrosis in hepatic tis-
sues. The liver exposed to CCl4 showed multiple 
and extensive areas of portal inflammation and 
hepatocellular necrosis, randomly distributed 
throughout the parenchyma, as well as moder-
ate increase in inflammatory cell infiltration. 
However, the PO did have obvious protective 
effect from hepatic damage induced by CCl4. 
The normal liver lobular architecture and cell 

structure were showed in the control group. The 
TUNEL assay also demonstrated the protective 
effects of the PO. These results were consis-
tent with the plasma ALT and AST levels showed 
in Figure 1.

Effects of the PO on expression of SOD and 
ROS content

Given that oxidative involves in the process of 
CCl4 induced mice liver injury, we tested the 
SOD activities and ROS level of the mice liver. 
Unexpectedly, the results showed that PO mod-
erately increase the SOD activities (Figure 3A, 
3B) and decrease ROS level (Figure 3C). 

Effects of the PO on activation of NF-κB

It has been reported that the inflammation play 
an important role during the process of liver 
injury induced by CCl4 and the NF-κB is an 

Figure 2. Effects of PO on morphological and histological change. Representative pictures of morphology, hematox-
ylin-eosin (H&E) staining, and DNA fragmentation (TUNEL assay) were showed (Original magnification ×100 for H&E 
and TUNEL panels). 
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important inflammation mediating molecular 
[13]. So we tried to test whether PO influenced 
the activation of NF-κB. By immunohistochem-
istry we found that the PO could enhance the 
p-65 nuclear translocation (Figure 4A, 4B).

To further confirm the effects of the PO on 
NF-κB activation, L02 cells were transfected 
with a luciferase reporter gene that contains 
putative binding sites for NF-κB, followed by the 
stimulation with or not hydrogen peroxide. The 
results showed that, PO treatment markedly 
enhanced the luciferase reporter gene activity 
compare with the control cells (Figure 5A). By 
western blot assay (Figure 5B), we also found 
that the PO promoted the phosphorylation of 
p65 of cells upon TNFα stimulation. The cell 
immunochemistry results also showed that PO 
pretreatment increased more p65 protein 
trans-located into cell nuclei compared with 
DMSO group after TNFα stimulation (Figure 
5C). 

Discussion

Present study mainly demonstrated that the 
protective effects of PO against mice liver dam-
aged by CCl4. The PO could decrease the ALT 

and AST activity in blood plasma. The results 
also showed that the PO enhanced the nucleic 
translocation of NF-κB p-65 and the NF-κB 
luciferase reporter gene activity. All these 
results indicated that the mechanism of the 
hepatoprotective effects of the PO may be part-
ly through modulating the activity of NF-κB.

The CCl4 induced liver damage have been stud-
ied in mice and rats and shown by significant 
elevation of serum aminotransferase levels 
[11, 20, 21]. In our previous experiments, we 
have used mice for the research and demon-
strated the anti-oxidative effects of the PO [17, 
18]. The present results showed that the PO 
pretreatment significantly suppressed the CCl4 
induced elevation of plasma aspartate amino-
transferase and alanine aminotransferase 
activities. The CCl4 induced hepatic lesions 
were characterized by coagulation necrosis 
and/or vacuolation of hepatocytes mainly situ-
ated in central to middle part of hepatic lob-
ules. By H-E staining and TUNEL assays, we 
demonstrated that PO pretreatment attenuat-
ed the liver damage of mice upon CCl4 adminis-
tration. All these demonstrated the protective 
effects of the PO on the liver of mice towards 
CCl4. 

Figure 3. Effects of the PO on expression of SOD and 
ROS content. A, B. Mice liver tissues were lysed and 
RNA was extracted, qRT-PCR was performed to de-
tected SOD1 and SOD2 levels. C. Liver homogenates 
diluted 100-fold with phosphate-buffered saline (PH 
7.4), were loaded with 5 μmol/l 2’-7’-dichlorofluores-
cein and incubated at 37°C for 30 minutes. Fluo-
rescence was measured at excitation wavelength of 
485 nm and emission wave length of 530 nm.



PO attenuates mice liver injury

752 Am J Transl Res 2014;6(6):746-755

It has been widely accepted that ROS are the 
main causes of CCl4 induced acute liver injury 
and anti-oxidative therapy is therefore an effec-
tive means of preventing and attenuating oxida-
tive stress related liver diseases [3, 10-12]. Our 
previous research demonstrated the anti-oxi-
dative effects of the PO [17, 18]. Based on all 

these information, we hypothesized that the PO 
could attenuate the liver damage induced by 
CCl4. The hepatotoxicity of CCl4 requires bioac-
tivation by the cytochrome P450 phase I sys-
tem in the liver and yields a reactive metabolic 
trichloromethyl radical (CCl3) and proxy trichlo-
romethyl radical (OOCCl3) [3, 22]. These free 

Figure 4. Effect of PO on the nucleic 
translocation of p65. The PO enhances 
the nucleic translocation of p65 in liver of 
mice administrated with CCl4. 

Figure 5. Effects of PO on NF-κB activity. (A) PO increased the luciferase reporter gene activity of transfected liver 
cell line L02 cells stimulated by hydrogen peroxide. *P < 0.05 compared with PBS group stimulated with equal con-
centration hydrogen peroxide (B) PO promoted the phosphorylation of p65 of L02 cells stimulated with TNF-α. (C) 
PO promoted the nucleic translocation of p65 in L02 cells stimulated by hydrogen peroxide.
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radicals can bind with polyunsaturated fatty 
acid and form alkoxy (R) and peroxy radicals 
(ROO) that can generate lipid peroxide, cause 
damage in the cell membrane, change enzyme 
activity and finally induce hepatic injury or 
necrosis [3, 10, 11, 22]. So, we tested the activ-
ity of cytochrome P450 and found no obvious 
effects of PO (data not shown). Then we tested 
the SOD activities and ROS level of the mice 
liver. The results showed that PO increase the 
SOD activities and decrease ROS level. These 
results indicated the anti-oxidative action of 
the PO might partly involve in the protective 
effects against CCl4 induced acute injury.

The CCl4 can also indirectly activated the 
Kupffer cells, which mediate the hepatic inflam-
mation process by producing tumor necrosis 
factor-α (TNF-α) and other cytotoxic cytokines 
[11, 12]. It was found that baicalin protects 
hepatocytes from the oxidative damage caused 
by CCl4 and the protective effect of baicalin is 
likely due to the inhibition of the proinflamma-
tory mediators [23]. NF-κB pathway is associ-
ated with the production of these inflammatory 
factors in liver after CCl4 treatment [13]. 
Furthermore, lots of studies have demonstrat-
ed that ROS are able to activate NF-κB pathway 
and antioxidants may inhibit NF-κB [23-26]. So, 
we further studied the effects of the PO on the 
NF-κB activity. NF-κB, which consists of the 
p50 and p65/RelA polypeptides, is a transcrip-
tion factor expressed in a variety of cell types, 
including hepatocyte. When activated, it shifts 
to the nucleus and binds to promoters and 
enhancers of genes involved in inflammatory 
and proliferative responses [27-29]. Our results 
showed that the PO could promote the translo-
cation of p65 (Figure 3), indicating that PO 
increased the activity of NF-κB. This was con-
sistent with previous reports that NF-κB was 
increased in hepatic nuclear extracts at 2 and 
24 hr after CCl4 administration, indicated the 
NF-κB levels was elevated in response to this 
toxicant [30] and that CCl4 decreased NF-κB 
translocation [31]. All these indicated that 
increase activity of NF-κB might participate in 
the protective effects of the PO on liver of mice 
administrated with CCl4. As all kown that, in the 
cytoplasm, NF-κB interacts with a specific 
inhibitor called IκBα [32, 33]. IκBα can itself 
undergo rapid ubiquitin-dependent degrada-
tion by a variety of stimuli which activate the 
IκBα kinase (IKK) complex [34]. NF-κB activa-
tion requires sequential phosphorylation and 

degradation of IκBα, which finally disappears 
from the cytoplasm. Whether the PO activated 
the NF-κB by this canonical pathway or by other 
mechanism needs further research.

Although the research reported in the present 
study did not test individual components of the 
extract, this report did propose to test the 
whole extract for effects operative in vivo and 
in vitro. Since the resulting effect is a clinically 
important question. Furthermore, this might 
enlarge the using extent of the traditional herb 
and indicate the clue for researching the new 
medicine for treatment of liver diseases. Fur- 
ther studies regarding the isolation of major 
bioactive components responsible for the 
observed effect are the focus of ongoing and 
planned investigation.

In conclusion, it appeared that the PO reduced 
the acute liver injury induced by CCl4 involving 
the enhancement of NF-κB activity. We sug-
gested that, the edible plant Portulaca Oleracea 
L., may be used to protect against toxic effects 
of CCl4 and other chemical agents in liver.
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